Drained frame moduli and effective stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 Rock-physics modeling in sand/shale sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 Pore shapes and porosity thresholds in sands . Recent advances in seismic acquisition and processing technologies have led to enormous progress in oil and gas exploration and reservoir characterization. Quantitative seismic interpretation also could have improved significantly if we had had the internally consistent methodologies and workflows necessary for seismic modeling. Seismic petrophysics plays the key role in this respect.
Because the methodologies of petrophysical analysis lead to uncertainties in estimating key parameters, such as rock composition, texture, porosity, permeability, and saturation, it is important to (1) understand the rock formations for their proper characterization and (2) incorporate proper rock-physics and geomechanics concepts in predicting the seismic signatures of those formations.
Over the last several years, our understanding of seismic rock properties and our ability to model those properties -V P , V S , and density -has improved substantially. Nonetheless, a certain amount of confusion remains with respect to the petroelastic classification of rocks, the terminology used, the selection of models, the parameterization, and the identification of the primary controls on the distribution of rock properties in the subsurface. These issues are discussed in Chapters 1 and 3 of this book.
Pore-pressure prediction from well-log and seismic data is critical in drilling operations and also is important in estimations of geomechanical parameters and stressstates from seismic data. It is well established that stresses in the subsurface have a direct impact on rock physics and, hence, on seismic amplitudes. Indeed, knowledge of effective-stress variations laterally and with depth markedly reduces interpretation uncertainty and helps separate intrinsic effects from extrinsic influences of pore pressure and stress state on seismic rock properties. An approach to pore-pressure and vertical-effective-stress analyses is discussed in Chapter 2.
The essence of seismic-related rock physics consists of finding relationships between seismic rock properties and their petrographic and petrophysical parameters, including their mineralogy, texture, diagenesis, reservoir properties, and effective stress. These problems are discussed in Chapter 3, "Seismic Rock Properties and Rock Physics." The chapter also addresses certain controversial issues, such as parameterization and appropriate model selection. The outcomes of this discussion are several rock-physics templates that feature the key petrophysical groups of siliciclastics in velocity-versus-porosity space and acoustic-impedance-versus-shear-impedance (AI-SI) space. Those templates naturally incorporate the effect of rock compaction and diagenesis and therefore are essential in modern seismic inversion interpretation.
Chapter 4, "AVO Analysis: Rock-physics Basis," is the core of the book. This chapter integrates seismic petrophysics with seismic amplitude analysis -notably, with amplitude variation with offset (AVO) or angle of incidence (AVA). The AVO classification scheme and interpretation methodology offered here differ from the classic scheme of intercept/gradient analysis and invoke acoustic-and shear-impedance templates instead of intercept/gradient crossplots. That allows a user to streamline AVO behavior predictions during seismic petrophysics analysis of the log data early in the workflow. It also provides a robust quality assurance during synthetic forward modeling. In turn, that modeling can be used in seismic processing and gather conditioning for prestack attribute computation and simultaneous impedance inversion of seismic data.
The AI-SI templates and their benefits in prestack inversion of sand/shale sequences are exemplified in Chapter 5. Marked mismatches in frequency content between seismic data and log data result in large differences in vertical resolution and lead to the argument that limitations exist in our ability to directly invert for certain reservoir properties (e.g., porosity and permeability) in highly heterogeneous sand and sandstone reservoirs. However, another valuable reservoir parameter -the net-to-gross thickness ratio -lends itself to fairly accurate estimations from seismic inversion in many cases.
Over the last several years, both the exploration and the development of unconventional shales have grown dramatically and, in fact, many operators have switched to Preface ix unconventional plays. It is often thought that these plays also require unconventional approaches to reservoir characterization. In Chapter 6, "Seismic Petrophysics of Unconventional Reservoirs," it is demonstrated that the fundamental workflows typical for conventional reservoirs still are applicable in organic shales. However, the complexity of rock-physics modeling increases in proportion to the additional parameters of interest, such as total organic carbon (TOC) content and thermal maturity, and their effects on organic porosity, overpressure, and the stress sensitivity of seismic velocities. Important geomechanical issues related to predicting horizontal-well-completion quality -issues such as brittleness, least-horizontal-stress gradient, and hydrocarbon-generation-induced microcrack development, in organic mudstones -are discussed in Chapter 7.
Finally, Chapter 8, "Seismic Analysis in Unconventional Shales," presents examples of seismic forward modeling and prestack inversion for some of the most leveraging parameters of unconventional shale reservoirs -both the intrinsic parameters (e.g., TOC content) and the extrinsic ones (e.g., horizontal stress gradient). It appears that AI-SI templates modified for organic shales can be adapted for those evaluations, and the organic richness and fracability of organic mudrocks can be mapped on the basis of simultaneous seismic inversion results.
This book is, of course, complementary to other publications on related topics, such as Acoustics of Porous Media (Bourbie et al., 1987) , AVO (Chopra and Castagna, 2014) , Introduction to the Physics of Rocks (Gueguén and Palciauskas, 1994) , Seismic Data Analysis (Yilmaz, 2001) , Quantitative Seismic Interpretation (Avseth et al., 2005) , and The Rock Physics Handbook (Mavko et al., 2009) . Many theoretical models presented here originated from the work of Mark Kachanov (Tufts University) with various coauthors.
Methodology and workflows described in this book have been successfully applied in many exploration and reservoir characterization projects worldwide and resulted in significant oil and gas discoveries and accurate reserve calculations, particularly in the Gulf of Mexico, West Africa, North Sea, Norwegian Sea, and Eastern Mediterranean provinces.
Seismic Petrophysics in Quantitative Interpretation is written for oil and gas industry professionals and academicians who are concerned with the use of seismic data in petroleum exploration and production. In addition, it should prove useful toward thoughtful applications of those data by geotechnical engineers. Seismic interpretation can be made simple and robust by integrating rock-physics principles with the seismic and petrophysical attributes that bear on the properties of conventional reservoirs (thickness, net/gross, lithology, porosity, permeability, and saturation) and of unconventional reservoirs (thickness, lithology, organic richness, and thermal maturity). Practical solutions can be used to address existing interpretation problems in rock-physics-based AVO analysis and prestack seismic inversion in order to streamline the workflows in subsurface characterization.
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